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Upper BrahmaputraAbstract This work documents land-use changes driven by river dynamics along two tributaries in
the chronically ﬂood affected Upper Brahmaputra ﬂoodplain which supports a population of more
than half a million. Planform changes for a period of 40 years are documented using topographical
map and Landsat data, and the associated land-use change is assessed by utilising hybrid classiﬁca-
tion in GIS environment. Quantiﬁcation of bankline migration shows that the river courses are
unstable. A reversal in the rate of erosion and deposition is also observed. Hybrid classiﬁcation
of Landsat images yielded a higher level of accuracy as evident from the confusion matrixes.
Overall, the accuracy of land-use classiﬁcation ranged between 88.5% and 96.25%. Land-use
change shows that there is an increase in settlement and agriculture and a decrease in the grassland.
The area affected by erosion–deposition and river migration comprises primarily of the agricultural
land. Effect of river dynamics on settlements is also evident. Loss of agricultural land and home-
stead led to the loss of livelihood and internal migration in the ﬂoodplains. The observed pattern
of river dynamics and the consequent land-use change in the recent decades have thrown newer
environmental challenges at a pace and magnitude way beyond the coping capabilities of the
dwellers.
 2015 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Floodplains are valuable ecosystems performing important
functions and providing space for habitats and foodproduction. Floodplains are considered to be one of the
most endangered ecosystems worldwide as they are facing
degradation by river regulations and enhanced land-use pres-
sure. They are extensively cultivated all over the globe
(Tockner et al., 2008; El Bastawesy et al., 2013; Qureshi
et al., 2008) and serve as the primary source of income espe-
cially in South-East Asia. Floodplains are subjected to sea-
sonal and periodical modiﬁcations as a result of lateral
and vertical mobility of rivers driving a change in the land
use pattern.
108 N. Hazarika et al.Brahmaputra is the seventh largest river in the world
(Hovius, 1998; Tandon and Sinha, 2007) and has created a
thick extensive valley in the state of Assam, India. The valley
supports about 27 million people by providing land for agri-
culture and human habitat. About 99% of total area of the
State is rural. The net cultivated area of the State is 28.11 lakh
hectares which is about 88% of the total land available for
agricultural cultivation in the State (Economic Survey of
Assam, 2011–12). More than 83% of the farmer families are
small and marginal with an average operational holding as
low as 1.15 hectare (Agricultural Census of Assam, 2005–06).
The Upper Brahmaputra plain is one of the worst ﬂood-af-
fected areas in India. Brahmaputra and its north bank tribu-
taries regularly inundate and erode the ﬂoodplains damaging
land and standing crops. As majority of the population depend
upon cultivation for their lives and livelihood, land is of
utmost importance. Changes in the land use and land cover
(LULC) due to ﬂooding, erosion and deposition are an
obvious phenomenon in any ﬂoodplain, but these changes
can be imperative to the people of Upper Brahmaputra due
to overdependence on ﬂoodplain cultivation. Loss of land
accounts for a signiﬁcant loss in livelihood and may lead to
displacement as most of the people here are marginal farmers.
Socio-economic impoverishment and marginalisation is the
fate of the displacees induced by river bank erosion (Haque,
1988; Hutton and Haque, 2003, 2004).
The dynamic nature of Brahmaputra and its tributaries
modiﬁes the ﬂoodplains frequently, at times to an undesired
magnitude (Das et al., 2012; Goswami et al., 1999; Kotoky
et al., 2004; Lahiri and Sinha, 2012; Sarma and Phukan,
2004). However, the associated changes in LULC (linking it
with river dynamics) are rarely documented in quantitative
terms (Kotoky et al., 2012; Mondal et al., 2013) which are
essential preconditions for the formulation of ﬂoodplain man-
agement programme. LULC inventories are increasingly uti-
lised in land-use planning, forest management and ﬂoodplain
management (Bocco et al., 2001; Kotoky et al., 2012;
Mahajan and Panwar, 2005; Schulz et al., 2010; Sun et al.,
2009; Sylla et al., 2012; Boori et al., 2015).
Studies on LULC change are also important from the per-
spective of studying global environmental change and sustain-
able development highlighting the intensity and pattern of
relationship between the human and earth (Jiyuan et al.,
2010). Considering the importance of documenting LULC
changes and the dearth of the same from a predominantly
riverine region, the present work attempts to quantify changes
in the land-use pattern in response to dynamics of two rivers
Gai and Simen in Upper Brahmaputra plains. This study not
only contributes to ﬂoodplain management but also throws
light on the facets of riverine hazards that the people of this
region face as a consequence of ﬂuvial dynamics of the rivers.
Change detection of the land-use and land-cover requires
accurate and timely data of different land-utilisation categories
of an area (El Bastawesy et al., 2008, 2013a,b; Mohamed et al.,
2014). In this regard remote sensing data facilitate the required
information by providing timely and accurate data. In contrast
to traditional ground-surveys, it provides a synoptic view of
larger area over varied time span, hence providing more infor-
mation regarding the land-use pattern in less time and in a
cost-effective manner (Rogan and Chen, 2004; Yuan et al.,
2005). Remotely sensed data coupled with GIS techniques
have been effectively used by many workers to detect multi-temporal changes in LULC (Coppin et al., 2004; Kotoky
et al., 2012; Mohamed and Verstraeten, 2012; Rogan and
Chen, 2004; Rawat et al., 2013; Sun et al., 2009; Singh, 1989;
Yuan et al., 2005). LULC changes in this work are docu-
mented using Landsat data with the help of hybrid classiﬁca-
tion, details of which are discussed in the methodology section.
2. Study area
This study concentrates in the Upper Brahmaputra ﬂoodplain
drained by Gai and Simen – two dynamic North-bank tribu-
taries of the River Brahmaputra, Assam, India (Fig. 1).
These rivers originate in the Eastern Himalayas, carry heavy
sediment loads, and enter the plains through narrow outlets
with a great velocity. The study area is tectonically active
(Lahiri and Sinha, 2012). The catchments, both in the moun-
tain and plain, experience heavy rainfall during the monsoon
season resulting in excess surface runoff inundating huge area
in the plains used primarily for agricultural purposes. These
rivers are ﬂashy in nature and known to people of this region
for bed aggradation.
The study area which lies between the latitude 27150000N–
275701600N and longitude 941201800E–95300000E, is located
in the Dhemaji district, with an elevation of about 100 m above
the Mean Sea Level. It forms a narrow valley characterised by
an abrupt drop in slope where the Himalayas merges into the
plains and has a general gentle slope towards Brahmaputra.
The climate of the region is Per-humid type characterised by
high rainfall and a mild summer and winter. The area receives
an annual rainfall of 2600–3200 mm (http://dhemaji.nic.in/cli-
mate.htm).
3. Data used and methods
Reconstructing historical channel movement by using histori-
cal maps and satellite images combined with GIS technique
has been widely used (Das et al., 2012; Fuller et al., 2003;
Harmar and Clifford, 2006; Kummu et al., 2008; Ollero,
2010; Sarma et al., 2007; Thakur et al., 2012; Winterbottom,
2000). This work adopts the regularly used approach of
Remote Sensing and GIS techniques to delineate the river fea-
tures for studying river dynamics and its impact on land-use in
the neighbouring ﬂoodplains. The details of the dataset utilised
in this study are presented in Table 1.
3.1. Image processing
The topographic maps used in this study are scanned and
imported into Arc GIS format. The projections from the
Landsat images are imported for georeferencing the
topographical maps. Keeping a common projection minimises
the error that occurs due to temporal changes. Landsat images
for the dry season are utilised in order to avoid overestimation
of the river expanse which is common with the images taken
during high stages of ﬂow. As part of radiometric corrections
haze reduction, noise reduction and histogram equalisation are
performed for all the satellite images in the ERDAS Imagine
11. Radiometric corrections are essential in change detection
studies which consist of multi-date and multi-sensor satellite
data. The corrections reduce inconsistencies in the satellite
images which are inherent in the images because of differences
Figure 1 Location map of the study area with its physiographic setting and the studied stretch of the Gai and Simen rivers highlighted.
Analysis of river dynamics in active ﬂood plain 109in acquisition conditions including variation in sun zenith
angles (Chander et al., 2009; Mohamed and Verstraeten,
2012; Paolini et al., 2006; Yang and Lo, 2000). The banklines
of the two rivers for the years 1970, 1990, 2000, and 2010 are
delineated with the help of visual interpretation as well as digi-
tal image processing techniques. Contrast stretch, crisp, image
ﬁltering, different band combinations and image subtraction
are utilised (Roy and Sinha, 2007). The delineated banklines
are used to generate a channel centreline (the line connecting
the central point intermediates between the two channel
boundaries) with the help of onscreen digitisation (Nicoll
and Hickin, 2010) in the Arc Map.3.2. Planform parameters and change detection
For convenience of analysis the river channels are divided into
10 segments (A-J) with the help of equidistant sections calcu-
lated by an automated process in Arc GIS. Bankline migra-
tion, sinuosity, erosion, and deposition are measured and
studied along these segments. The entire dataset is integrated
into GIS environment to quantify the planform dynamics.
Sinuosity (S) is deﬁned as the ‘‘total length of a reach (L)
divided by the length of straight line (l) between the two
points’’, S= L/l (Stolum, 1996). The digitised centreline is
divided into segments at each intersection of the valley axis.
Table 1 Dataset utilised in the study.
Data Path/row Resolution/scale Year Source
Landsat MSS 145/41 60 m 1973 Landsat.org
Landsat TM 135/41 30 m 1990 USGSa
Landsat ETM+ 135/41 30 m 2000 USGS
Landsat TM 135/41 30 m 2010 USGS
Topographical Map 1:50000 1969–1970 SOIb
a USGS: United States Geological Survey.
b SOI: Survey of India.
Table 2 Classiﬁcation scheme used for this study.
No. Class Description
1 River/
waterbodies
Open water features such as rivers, streams,
lakes and reservoirs
2 Sand Sandbars and other sand deposition areas
including both dry and wet sand areas
3 Wetland Low lying areas saturated with moisture and
covered with aquatic vegetation such as water
hyacinth
4 Grassland Areas dominated by grasses including
vegetated sandbars and grazing areas
5 Agriculture Areas under cultivation including current
fallow areas
6 Settlement Areas under urban and rural built-up
including homestead area
7 Plantation Forest and agricultural plantations like
orchards and tea gardens with signiﬁcant
patterns
8 Forest Areas under dense and open forest and
scrublands
110 N. Hazarika et al.And then the length of the centreline is divided by the length of
the straight line between the two points.
Bankline migration is recorded for different periods using
overlay analysis in GIS environment. The highest lateral shifts
of the banks between different periods for each segment are
recorded. The migration of the river banks for this study is
considered to be of ‘positive’ (+) nature if it has the potential
to bring large scale surface modiﬁcations in the ﬂoodplain and
translate itself into ﬂuvial hazard. Migration due to avulsion,
progressive shifting of meander bends (unidirectional) and
channel widening (where the banks moved away from each
other) are considered as a positive change. When both the
banks moved towards each other causing channel narrowing,
it is considered as a negative () change as it does not hold
any signiﬁcant potential to cause changes in the ﬂoodplain.
For quantiﬁcation of erosion and deposition the vectorised
banklines are overlaid for different periods. The intersecting
banks are vectorised as polygons for erosion (where the river
migrated into a new position relative to the older channel)
and deposition (polygons for previous position of the river)
in each segment. Average rate of erosion and deposition is
determined by dividing total erosion/deposition by the number
of years elapsed between two successive observations
(Goswami et al., 1999; Yao et al., 2011).
3.3. Land-use classiﬁcation and assessment of effect of river
dynamics
The ﬂoodplains adjacent to Gai and Simen rivers (within 5 km
buffer, which is the highest extent of recorded river dynamics
during study period) are classiﬁed into eight classes: river/wa-
terbodies, wetland, settlement, agriculture, grassland, planta-
tion, sand and forest using the ERDAS Imagine 11. These
eight classes are representatives of the actual landscape in
the study region and could be determined using a moderate
resolution Landsat image. Hybrid classiﬁcation, which
involves the combination of both unsupervised and supervised
classiﬁcations, for better representation of classes, is per-
formed on the satellite images for different time periods
(1973–2000). Unsupervised classiﬁcation is initially executed
on the images and the signatures obtained are clustered into
meaningful classes of interest. A classiﬁcation scheme is for-
mulated for the process of classiﬁcation which is shown in
Table 2. These clustered signatures are used to reclassify the
images using a maximum likelihood classiﬁer which classiﬁes
the pixels based on the maximum probability of belonging to
a particular class (Richards and Jia, 2006). The ﬁnal classiﬁed
images are then ﬁltered using a neighbourhood majorityfunction which replaces the centre pixel in the matrix with
the most common data ﬁle value in the window for removal
of noise and smoothening of classes. A 3 · 3 matrix is used
for this purpose. Recoding is performed for major mis-
classiﬁcation of features such as shadow. The accuracy of each
classiﬁed image is assessed by a set of 400 random points for
Gai and 300 for Simen based on the number of classes (50
points per class). These random points known as reference
points are overlaid on the images and each point is assigned
to one of the land-use classes. Topographical maps, careful
examination of satellite image, high resolution Google Earth
images for different periods, limited ground truthing and local
knowledge about the area and changes over time are used for
assigning classes.
For each map, a confusion matrix is created with each row
representing land-use classes in the classiﬁed map and each col-
umn representing the reference land-use classes. From this
matrix, overall accuracy and kappa co-efﬁcient are calculated
for each classiﬁed map. Kappa Co-efﬁcient is a degree of
agreement or correctness among the classiﬁed map and the
reference data (Congalton, 1991; Rosenﬁeld and Fitzpatrick,
1986). User’s accuracy and producer’s accuracy are also calcu-
lated. User’s accuracy measures the proportion of each class
which is correctly classiﬁed in the map as a particular class
and producer’s accuracy measures the proportion of land-use
class which is correctly classiﬁed as the actual landscape
Reference data 
(SOI toposheets)
Remote sensing 
data (Multi-
temporal satellite 
images)
Geo-referencing and 
image to image 
registration
Radiometric normalization 
(haze & noise reduction, 
histogram equalization)
Recoding and 
clustering of 
signatures
Supervised classification 
(Maximum Likelihood 
Classifier)
Noise reduction 
and final recoding
Classified LULC 
maps
Accuracy 
assessment
Unsupervised 
classification
Ground truth/ 
ancillary data
Majority function 
(3×3 matrix)
Shadow removal
400 sample points 
generation (Gai)
300 sample points 
generation (Simen)
Figure 2 Schematic representation of the image processing and classiﬁcation techniques.
Analysis of river dynamics in active ﬂood plain 111present on the ground. The scheme of classiﬁcation techniques
employed for this study is shown in Fig. 2.
The erosion and deposition polygons for both the rivers are
overlaid on the classiﬁed maps to extract the areas which are
affected by these processes. Values are expressed in total area
affected for each land-use category.
4. Results and discussion
4.1. Classiﬁcation accuracy
The classiﬁed images (Fig. 3) show overall accuracies of 88.5,
91.25 and 96.25% for the Gai River in 1973, 1990 and 2000
with kappa co-efﬁcients of 0.87, 0.9 and 0.95, respectively.
For Simen, the overall accuracies are 92%, 94.33% and 92%
in 1973, 1990 and 2000 with kappa co-efﬁcients of 0.9, 0.93
and 0.9, respectively (Table 3) (the detailed confusion matrices
for each classiﬁed image with their accuracies are shown in the
Tables 4a–c for the Gai River and Tables 4d–e for the Simen
River in the supplementary material). In all the classiﬁed
images, forest is the best classiﬁed class with almost 100%
accuracy because of its distinct separation from other classes.Water and sand pixels also show highly reliable accuracy
except in some occasions where wet sand areas are confused
between water and grassland. Grassland and settlement areas
are usually confused with agricultural areas because of mixed
pixels in transition areas. Most of the wetland areas are cov-
ered with water hyacinth and are occasionally confused with
grassland areas. The overall classiﬁcation accuracies suggest
that the classiﬁcation is reliable and acceptable for further
analysis.
4.2. Bankline shift and changes in the sinuosity
Bankline shift in the Gai River is not uniform during the study.
The mean shift in the left bank for the period 1970–1990 was
1.041 km, whereas a shift of about 1.39 km is recorded for
the right bank during the same period. However, the mean
shift in the left bank and the right bank for the period 2000–
2010 is 0.692 km and 0.682 km, respectively. The stretches
showing the highest mobility are located in the upstream of
the river reach. The upper reaches of the Gai River between
segments C and E showed the highest mobility. As a result
of repetitive avulsion near its intersection with road/railways
Figure 3 Land-use classes in different time periods along (a) The Gai River and (b) The Simen River in the Upper Brahmaputra plains,
classiﬁed using hybrid classiﬁcation scheme.
Table 3 Classiﬁcation accuracy of the hybrid classiﬁcation and K-statistics.
Accuracy The Gai River The Simen River
1973 1990 2000 1973 1990 2000
Overall Classiﬁcation Accuracy (%) 88.50 91.25 96.25 92 94.33 92
Kappa Statistics (K) 0.8686 0.9 0.9571 0.904 0.932 0.904
112 N. Hazarika et al.the river migrated freely during the study period. Both the
banks migrated 5 km towards east in 1990–2000 (Fig. 4),
which is the highest, recorded during the study period.
In comparison to the upper, lower reaches of the river Gai
show slow and continuous migration of its banks by progres-
sive shifting of its meander bends. Bend morphology of freely
meandering river is an important indicator of its response
towards changes in discharge and ﬂow. Progressive shifting
of meander bends is an intrinsic property of a meandering allu-
vial river by virtue of which it tends to maintain equilibrium in
energy distribution (Leopold and Wolman, 1960). The Gai
River develops discrete meander bends towards its lower
reach. Several cases of neck and chute cutoff could be observed
throughout the study period (Fig. 5a–c). Neck cutoff is a ﬂood
plain feature of a meandering river where the entire meander
loop is abandoned (Lewis and Lewin, 1983). In monsoon sea-
son during high stages of ﬂow the river meanders are breached
by chute channels in different river reaches that connect the
two closest bends of a meander. This causes the ﬂow toabandon the meander and follow a straighter course downs-
lope. It is rather a slow process and develops over a period
of several years but ﬂoods may trigger it to occur suddenly.
The sinuosity for the Gai River is shown in Fig. 6. The average
sinuosity of the river shows a decreasing trend from 1.61 in
1970 to 1.37 in 2010. The decrease in sinuosity due to meander
cutoffs has resulted in river shortening as evident from the
reduced river length from 133.6 km to 111.74 km. The river
is showing a transition from meandering to straight during
the study period. Schumm (1963) attributed river straightening
to increase in the bed material load as well as coarser sedi-
ments. Increasing trend of deposition in the river reaches dur-
ing the recent decades is evident.
The overall direction of migration in the Gai River during
the study period remained westward. This unidirectional-avul-
sive shift could be attributed to cross-valley tilting (Lahiri and
Sinha, 2012).
As indicated by sinuosity, the course of the Simen River,
compared to Gai, has been a straighter one in different periods
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Figure 4 Bankline migration in the Gai River (a) and in the Simen River (b) during 1970–2010 in Upper Brahmaputra plains.
Analysis of river dynamics in active ﬂood plain 113(Fig. 6). The upstream of the river shows a minimum mobility
in most of the segments (Fig. 4). The mean movement for the
left bank varied from 1.52 km during 1970–1990 to 0.64 km in
2000–2010. The right bank also showed a similar pattern of
mobility with the mean movement ranging from 1.06 km
(1970–1990) to 0.86 km (2000–2010). The process of meander
cutoff is not very prominent in the Simen River but it under-
went a signiﬁcant shortening in length primarily due to migra-
tion of its conﬂuence point (Fig. 5d). Channel conﬂuences and
their dynamics are signiﬁcant to the river systems as they inﬂu-
ence the morphology and hydrology of the upstream and
downstream of the conﬂuence. It affects the distribution of
water in different reaches and sediment dispersal around the
conﬂuence point (Roy and Sinha, 2007).
The River Simen during 1970s travelled a length of 68.5 km
before falling into the Brahmaputra but in 2010 the length is
reduced to 45.96 km. Downstream reaches migrated continu-
ously eastward during the study period, changing its conﬂu-
ence point and reaching Brahmaputra more rapidly. Periodic
avulsion triggered by breaches in the embankment during highstages of ﬂow caused such large scale movement of its banks
changing the conﬂuence point during the study period.
During the period of 1970–1990 a very high degree of channel
migration was recorded in the lower reaches (Fig. 5d). Between
1990 and 2000 the upper reaches of the river migrated east-
ward. The last segment continued its eastward migration
changing the conﬂuence of the river and joining the
Brahmaputra River about 1.4 km eastward in comparison to
its conﬂuence point in the year 1990. The conﬂuence further
shifted eastward during 2000–2010 and in turn shortened the
river course. In segments B, D and H the river migrated west-
ward marginally but the overall direction of migration remains
eastward.
4.3. Quantiﬁcation of erosion and deposition
During 1970–1990 the upstream of Gai (segment A and B)
shows high amount of erosion (Fig. 7). Overall, the river
eroded an area of 719.42 ha at an annual rate of 35.97 ha/yr.
Net loss of land during this period stands at 389.9 ha.
(a) (b)
(c) (d)
Figure 5 Process of meander cut-off in the Gai River during 1970–1990 (a), 1990–2000 (b), 2000–2010 (c), and conﬂuence migration in
the Simen River during 1970–2010 (d) in Upper Brahmaputra plains.
114 N. Hazarika et al.In 1990–2000, the rate of erosion is the highest; upstream
having the highest share. Segments A and B incur a loss of
296.3 ha of fertile land which accounts for 68.64% of the over-
all erosion during the decade. This could be attributed to the
high velocity of the river with which it enters the plains from
the hills of the Eastern Himalayas which results in intense
scouring in the upper reaches of the river. The overall erosion
stands at 431.62 ha of land at an annual rate of 43.16 ha/yr.
The net loss is found to be 70.44 ha.
In the most recent decade (2000–2010) the rate of erosion
declined compared to the previous period. In the upper reachesof the river (segment A and B) where there was a dominance of
erosion in the earlier periods, the deposition exceeded erosion
in this decade. The river deposited sediments over an area of
171.88 ha between segment A and B, whereas, an area of
149.49 ha is eroded. This implies that an area of 22.39 ha of
land is gained during this period in the upper reaches. In the
context of cultivation this net area gain, however, is not ben-
eﬁcial because a major amount of area contains deposition
of coarser sediments which makes the land unfertile. The total
area eroded during this period is 334.04 ha at an annual rate of
33.4 ha/yr.
Figure 6 Trend of sinuosity for Gai and Simen rivers in upper Brahmaputra plains during 1970–2010.
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Figure 7 Account of erosion (a) and deposition (b) throughout the studied segments of the River Gai and in Simen (c) and (d) during
1970–2010 in Upper Brahmaputra plains.
Analysis of river dynamics in active ﬂood plain 115The upstream of the River Gai during the entire study per-
iod has been dynamic in terms of erosion and deposition. The
ﬁrst 30 years show a dominance of erosion due to a high
amount of scouring whereas the latter part is dominated by
deposition which can be attributed to the river stabilisation
in the form of embankments. In the last four decades total ero-
sion by the Gai River is found to be 1485.08 ha at an annual
rate of 37.14 ha/yr, while total deposition is 1031.59 ha at an
annual rate of 25.8 ha/yr.
In the SimenRiver, during 1970–1990 erosion dominated the
erosional–depositional process. The downstream of the river
shows higher erosional rates than the upstream reaches
(Fig. 7). Between Segments F to J the total erosion stands at
1153 ha of fertile land which is 85.42% of the total erosion
during the period of 20 years. This is resulted due to the concave
bank erosion by the river in the downstream reaches and the
process of conﬂuence migration which dominated the river pro-
cesses during the entire study period. The river overall eroded a
land area of 1349.75 ha at an annual rate of 67.49 ha/yr.In the latter two decades the erosional rates decreased
and the rate of deposition increased. The amount of
deposition (774.26 ha) exceeded the amount of erosion
(461.40 ha) during 1990–2000. The only segment that shows
a high rate of erosion (17.55 ha/yr) is downstream segment
H. This is due to avulsions and the river shortening process
by conﬂuence migration that moved the conﬂuence to fur-
ther upstream and towards east in consecutive periods. In
the last decade (2000–2010) the rate of deposition increased
manifold (94.76 ha/yr). The total area eroded by the river
during this period stands at 348.15 ha at an annual rate
of 34.81 ha/yr.
The observed bankline shift, avulsion and conﬂuence
migration all indicate that these two rivers have been
dynamic and actively changing the ﬂoodplain features. For
both the rivers, the trend analyses of erosional and deposi-
tional patterns (Fig. 8) clearly suggest an increase in the rates
of deposition compared to the rate of erosion in the recent
time.
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Figure 8 Land-use classes affected due to erosion (a) and deposition (b) by the Gai River and by the Simen River (c) and (d) with trends
of erosion–deposition during 1970–2010 in Upper Brahmaputra plains. Note the reversal of process dominance in terms of erosion and
deposition in both the rivers in recent time.
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In case of the Gai River, it is observed that the highly affected
areas by erosion throughout the years are agricultural land fol-
lowed by grassland and wetland. Agriculture comprised of
about 31%, 80% and 69% of the total eroded area in 1970–
1990, 1990–2000 and 2000–2010, respectively. Average annual
rates of erosion from 1970 to 2010 show a decreasing trend. In
case of deposition, it is most discernible in the land-use class
river/waterbodies, suggesting migration of the active channel.
Higher deposition is also observed in agricultural areas fol-
lowed by grassland and wetland areas. The trend of deposition
shows a gradual increase from 1970 to 2010. The areas affected
by erosion and deposition in the chosen time periods with their
annual rates and trend are depicted in Fig. 8.
In River Simen, agriculture consists of 25%, 71% and 47%
of the total eroded areas in 1970–1990, 1990–2000 and 2000–
2010, respectively. This temporal pattern of area affected by
erosion is similar to that of the Gai River. It may be noted that
grassland was the dominant land-use class in 1970–1990. It
comprised of 56% of the total landscape. In later years this
percentage share decreased noticeably. Classiﬁcation statistics
for entire 5 km buffer areas around the Gai and Simen rivers
show an increase in agricultural and settlement areas and
decrease in grassland and wetland areas over the years. The
increased inﬂuence of erosion on agricultural land in the recent
decades could be attributed to this conversion of grassland
into agricultural land. These two land-use classes are also
equally affected by deposition (Fig. 8).
In the overall context of this work, another land-use class
that merits a discussion is the settlement. Erosion and deposi-
tion by both the rivers affected settlement areas in theﬂoodplains. The Gai River eroded 7.8, 19.57 and 17.78 hec-
tares of land under settlement class during 1970–1990, 1990–
2000 and 2000–2010, respectively. Deposition by the Gai
River leads to casting of sand over an area of 1.3, 17.06 and
2.52 hectares in 1970–1990, 1990–2000 and 2000–2010 respec-
tively under settlement. Similarly, the Simen River eroded an
area of 10.88 and 10.39 hectares of land during 1990–2000
and 2000–2010, respectively and deposited sediments over an
area of 12.02 and 6.58 hectares during 1970–1990 and 2000–
2010 respectively under settlement. Though the ﬁgures are
small in terms of area, but in terms of socio-economic stress
the impact is signiﬁcant as it leads to loss of homestead.
Loss of homestead coupled with livelihood leads to internal
migration in the ﬂoodplains which is evident during ﬁeld visits.
It may be mentioned here that similar to agriculture the set-
tlement land-use class also shows an overall increase from 1970
to 2010 indicating a population growth in the ﬂoodplains
(Fig. 3).
As LULC changes are forced by ﬂuvial hazard, ﬂoodplain
dwellers as an adjustment would further modify the land-use
pattern which may lead to changes in the sediment ﬂux in
the longer run and again affect the river planform. This mould-
ing and remoulding of land-use jeopardise the ﬂood manage-
ment policies and throw new challenges to the ﬂoodplain
dwellers, at times way beyond their capacity to cope up.
5. Conclusions
In this study river dynamics along with land-use in an active
ﬂoodplain of a large tropical river is analysed. The analyses
reﬂect that more and more of the ﬂoodplains are being put
to human activities, especially agriculture. As mentioned
Analysis of river dynamics in active ﬂood plain 117earlier that the river morphology and land-use is intricately
related, the increased human interventions are a potential
agent of altering an already endangered ecosystem. This
increase in ﬂoodplain usage for human activities is expected
to continue in near future with the given trend of high pop-
ulation growth in the study region.
The result shows that most affected land-use class is agri-
culture. In the regional context this pattern of impact of river
dynamics on land-use is of major concern as it directly inﬂu-
ences livelihood of the ﬂoodplain dwellers. Analyses of river
dynamics show frequent and large scale changes experienced
in the ﬂoodplains of the study region. It is mentioned earlier
that ﬂoodplains are the major component of the human habi-
tat in this region; the active nature of the rivers and its impact
on land-use, particularly on agriculture, reﬂect the newer
environmental challenges that the dwellers of Brahmaputra
ﬂoodplains are constantly faced with. In the current scenario
of climate change the vulnerability of the ﬂoodplain dwellers
towards environmental threats increases further.
Land-use for different periods was mapped using hybrid
classiﬁcation. This work shows that hybrid classiﬁcation using
Landsat images is an effective tool in studies aimed at land-use
analysis. Change in land-use pattern in association with river
dynamics can be effectively used as an indicator of evaluating
socio-economic impact of riverine hazards on human beings. If
it is performed with a higher resolution data these indicators
could be utilised to assess socio-economic impact at micro
scales.
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